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The noctuid moths were monitored by means of bait traps from 1991 to 1993 
in the area polluted by the Severonikel smelter on the Kola Peninsula. The 
total catch was 869 specimens belonging to 21 species. The catches peaked in 
sites representing the earlier stages of forest decline, being about two times as 
large as in the unpolluted area. The noctuid moths were heterogeneous in their 
response to pollution impact: (1) Xestia rhaetica, X. speciosa and Eurois 
occultus showed a clinal decline towards the emission source, (2) Diarsia 
mendica peaked at slightly polluted sites, (3) Acronicta auricoma, Hyppa 
rectilinea, Apamea maillardi and Xestia alpicola were most abundant in 
moderately polluted areas, (4) a mountain tundra species, Polia conspicua, 
was collected in heavily polluted sites only. However, neither species richness 
nor diversity of Noctuidae were affected by pollution. 
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1. Introduction 


Although aerial pollution represents one of the ma- 
jor factors of environmental disturbance (Freed- 
man 1989), the effects of air-borne emissions on 
animal biodiversity are still poorly documented 
(Newman et al. 1992). The majority of field studies 
of insects in polluted zones have been aimed at 
revealing changes in density and/or performance of 
certain species rather than the response of insect 





communities to pollution of their habitats. Because 
reactions of insects to pollutants can be species- or 
group-specific (Kozlov 1990a, Heliövaara & Väi- 
sänen 1993), pollution may lead to modification of 
species assemblages and therefore to changes in 
species richness and diversity (Armentano & 
Bennett 1992, Newman etal. 1992, Kozlov in press). 

The Noctuidae are relatively large, generally 
night-active moths. The fauna of the noctuid moths 
of the boreal forests worldwide amounts to nearly 
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two hundred species. At the northern tree limit in 
Finnish Lapland, about 60 species have been re- 
corded (Koponen et al. 1982), and about the same 
number of species (58) was reported from the Kola 
Peninsula (Kozlov & Jalava 1994). These moths 
(except some of the day-active species) can be 
easily collected in the bait traps which became 
popular during the last few decades. Bait traps have 
been used in faunistic and ecological investigations 
(Koponen & Linnaluoto 1983) and in environmen- 
tal monitoring programs (Mikkola 1975, Kuussaari 
et al. 1990). These traps are of special importance 
in northern areas, where bright nights decrease the 
catches of light traps. 


2. Materials and methods 
2.1. Study site 


The study was conducted near Monchegorsk, 
Murmansk district (Kola Peninsula, Northwestern 
Russia, 68°N 33°E), in the area polluted by the 
Severonikel smelter. The aerial emissions consist- 
ing mostly of SO, and heavy metals (Ni, Cu, Co) 
influence an area of ca. 10 000 km”; industrial bar- 
rens occupy ca. 200 km’, and industrially dwarfed 
birch woodlands cover ca. 450 km’. The southern 
border of the visible effects on vegetation lies 50 to 
60 km from Monchegorsk. Coniferous forests have 
vanished within a distance of 10 to 15 km from the 
smelter (for more details, see Kryuchkov 1993, 
Kozlov & Haukioja 1995). 

Moths were sampled in 14 localities, up to 65 km 
from the smelter (Fig. 1). The localities were classi- 
fied according to level of the pollution-induced 
deterioration following the results of DECORANA 


ordination of the phytosociological data (Koroleva 
1993 and pers. comm.). Two localities (1 km both 
N and S of the smelter) represented heavily dam- 
aged secondary birch forests, with spots of ruderal 
vegetation (zone 4). Sites 5, 9 and 15 km S of the 
smelter represented birch transitional communities 
(zone 3). Sites located 11 and 13 km N of the 
smelter were chosen in sparse pine forest, whereas 
sites 17, 19 and 21 km S of the emission source 
represented sparse spruce forests (zone 2). Slightly 
weakened spruce forests were studied in three sites 
situated 23, 29 and 35 km S of the smelter (zone 1). 
From 1991 to 1992, the most distant site was 29 km 
S of the smelter. But in the course of our study, we 
recognized that this site represented not healthy but 
slightly weakened forest (zone 1), and therefore in 
1993 we additionally chose in sites 35 km S (zone 1) 
and 65 km SSE of the smelter as clean controls 
(zone 0). 

The mean ambient concentrations of sulphur 
dioxide in our sites were measured in 1994 by 
passive lead-dioxide absorbers (the method de- 
scribed by Barkan 1993), whereas the foliar con- 
centrations of Ni were estimated by X-ray fluores- 
cence (Kozlov et al. 1995) (Table 1). 


2.2. Trapping 


The bait traps (construction described by Jalas 1970) 
were in operation 28.6—29.7.1991, 26.6-8.8.1992 
and 8.7—12.8.1993. The lure was prepared from 
beer, concentrate of bread “kvass”, malt, sugar, 
honey and jam, fermented by ordinary yeast. To 
promote odour distribution, the traps were hung on 
separate trees at a height of 2 to 3 m, two to five 
traps per study site. They were emptied each third 


Table 1. Pollution loads in zones of pollution-induced forest deterioration and basic characteristics of moth 


samples. 
Zone Foliar Ni Ambient SO, No of No of Total abundance No of species Shannon-Weaver 
mg/kg g/m? species specimens exx/traps x night per 15 exx" diversity index 
0 1442 2.3 +01 9 51 0.49 +0.12 5.48 + 1.05 1.70 
1 46+5 52.7 + 12.6 12 457 0.89 + 0.14 3.59 + 1.02 1.00 
2 70+8 56.3 + 18.5 12 197 0.61 +0.12 4.75+ 1.09 1.58 
3 146 +21 129.3 + 26.9 12 148 0.42 + 0.08 4.62+1.16 1.42 
4 250 + 78 159.8 + 7.8 6 16 0.07 + 0.02 5.99 + 1.05 1.49 


‘Nickel concentration measured in leaves of Betula pubescens subsp. tortuosa (Ledeb.) Nyman; means for 
1991-1993 (after Kozlov et al. 1995). Rarefaction-corrected values 
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Fig. 1. Study area and 
position of sampling sites; 
numbers denote zones of 
pollution-induced forest 
deterioration. Insert: posi- 
tion of study area in the 
Kola Peninsula. 


to fifth day. In order to keep the catches of different 
traps comparable, the lure was changed on the same 
day in each trap. All moths (except some speci- 
mens damaged by ants) were pinned. The material 
is preserved in the Zoological Museum in Helsinki. 


2.3. Data analysis 


The abundance of moths (exx/trap*night) calcu- 
lated for each trap-emptying was tested by the SAS 
NPARIWAY procedure with the year of collec- 
tion, site and vegetation ranking as independent 
variables. Pairwise differences between the zones 
of vegetation disturbance were revealed by a 
Kruskal-Wallis test (SAS Institute 1990). Species 
richness was analyzed for the pooled data of 1991- 
1993. Effects of the sample size were assessed by 
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comparison of the number of recorded species with 
the value expected from rarefaction (Heck et al. 
1975, Sokal & Rohlf 1981). Diversity was meas- 
ured as the Shannon—Weaver index; correlations 
were calculated by the SAS CORR procedure (SAS 
Institute 1990). 


3. Results and discussion 
3.1. Population densities 


In total, 869 specimens representing 21 species 
were collected (Table 2). Among them, Diarsia 
mendica was the most abundant (515 exx, about 
61% of total); 5 species were common (25-126 
exx), 3 species infrequent (14—18 exx), 4 species 
tare (2-5 exx); 8 species were represented by a 
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single specimen. Because the among-year variation 
in total catch (calculated for the localities studied in 
all three years) was not significant (F, ;,4 = 0.72, 
P =0.49), the hypothesis of pollution impact on the 
moth abundance and diversity was tested by use of 
the pooled data of 1991-1993. 

Diarsia mendica was the only species suffi- 
ciently abundant to allow an application of reason- 
able statistical analysis of densities. For other spe- 
cies, only the trends in mean densities can be dis- 
cussed. 

The variation in density of D. mendica among 
vegetation zones (Fig. 2) was highly significant 
(F4, 240 = 7.34, P < 0.0001). The maximum density 
observed at sites with zone 1 was seven times as 
high as the background level (zone 0). Pairwise 
comparisons between pollution zones showed that 
the differences in densities of D. mendica were 


Table 2. Results of trapping. 


significant between zones 0 and 1, 1 and 2, 3 and 4, 
and insignificant between zones 2 and 3. 

The densities of four species (A. auricoma, H. 
rectilinea, A. maillardi, X. alpicola) peaked in the 
moderately polluted (zone 2) areas (Fig. 2), being 
2.5 to 5 times higher than the clean control. 

Quite surprisingly, the 38 specimens of P. 
conspicua, a mountain tundra species, were col- 
lected at the border of the industrial barrens (zone 
3) and even in the immediate vicinity of the smelter 
(Fig. 2). The occurrence of Apamea remissa only in 
the heavily damaged birch woodlands is probably 
explained by the appearance of the ruderal Poaceae 
in areas where the primary ground layer vegetation 
had vanished. None of the species was recorded 
exclusively in the zone 4. 

Three species (Xestia rhaetica, X. speciosa, E. 
occultus) demonstrated a clinal decrease in their 


Species Number of specimens collected at different distances (km) 

Total specimens 

l inth r tothe North tothe South 

1991 1992 1993 13 11 1 1 5 9 15 17 19 21 2 2 3 65 
Acronicta auricomaD.&S. 37 0 1 1 @ 20 1 3 58 7 O &@ T © gp 
Enargia paleaceaEsp. 0 2 3 0 © 0 0 1060 0 2 0 0 6 fF 1 0 
Parastichtis suspecta Hb. 0 0 i O © 0 0 0 O 0 0 0 GO 00ga 
Hyppa rectilinea Esp. 7 1 Z >~ 0 yo 4:10 1 8 O@ 1 2 @ 8 4 
Apamea crenata Hufn. 0 1 G 0 GO OOO tft abo & oO OO 8 0 
Apamea lateritia Hufn. 0 1 0 0 00 00 00 01 0 0 0 0 0 
Apamea maillardiGeyer 0 9 5 0® @ T OTO 45 O 4 2 0 oO 
Apamea remissa Hb 2 4 0 O 00 0 G&G © 0 0 Oo GO OD GO gg 
Hillia iris Zett. 0 1 © © O © 0 0 0 O@ OG 0 0 4 © 6 
Mniotype adusta Esp. 2 0 t “OF 0 ©. 200 0 WO 1 0 0 J3 © € © 
Polia conspicua B.-H. 13 0 62 0 0 4083 710 00 0 O 0 6 O 
Melanchra pisiL. 0 1 © oO 0 0 0 0 0 O tO O 0 0 0 0 
Papesira biren Goeze 2 0 o> e 0 0 0 OO 0 0 GO GO GO 2 0 0 
Cerapteryx graminis L. 0 0 Tt OO w © 0 08 OC 0 OO &@ Oo OO O FT 6 
Diarsia mendicaF. 201 2235 89 4 1 6 1 6 11 9 39 4 2 105 198 35 15 
Xestia haetica Stgr. 8 28 z 0 O 0 0w Too O p 1 1 39 O 14 
Xestia speciosa Hb. 5 Oo B OF 0 80 GO S& aO te 0 © D0 O 
Xestia distensa Ev. 0 0 , 0 6 o OD oO © © FD oO O © O O 4 
Xestia laetabilis Zett. 0 0 1 oO 0 0 0 GoO cc oO @ 0 0 @ O 4 
Xestia alpicola Zett. 6 4 72 13 4 10 1 0 0 4 100 2 2 2 2 3 
Eurois occultus L. 0 12 6 1 ogo TTo 2 3 l 09 5 1 3 
Effort (traps x nights) 538 790 440 93 68 134 84 286 103 62 200 67 74 105 332 70 90 
Species 10 12 15s 4 2 6 19 6 4 0 & © YF 10 6 9 
Specimens 283 333 253 19 5 15 1114 18 16 111 23 39 113 279 65 51 
100 x specimens/effort 53 42 58 20 7 11 1 40 17 26 56 34 53 108 84 98 57 
Zone of vegetation - - = 2 2 44 3 3 3 22 2 1 1 1 #0 
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Fig. 2. Mean catch of noctuid moths (100 x exx/trap x night) classified according to zones of forest deterioration. 
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densities towards the emission source (Fig. 2). This 
type of density pattern seems to be quite rare among 
Lepidoptera: it has been reported only for lichen- 
feeding Nolidae and Lithosiidae, in which the cat- 
erpillars are deprived of any food in the polluted 
areas (Grosser 1980, Tietze 1980). However, lar- 
vae of these three species feed on plants which are 
quite abundant even in the immediate vicinity of 
the smelter (Vaccinium, Solidago, Betula, Salix), 
and therefore the density decrease could not be 
attributed to the decrease in food supply. 

Noctuid moths are heterogeneous in their reac- 
tions to effects of aerial pollution, and thus both 
species composition and abundance changed along 
the pollution gradient. However, since there exists 
a strong causal relationship between pollution load 
and habitat deterioration, it is impossible to at- 
tribute these changes to any certain pollutant or 
habitat characteristic. 

Among Lepidoptera, increase in ecological den- 
sities (i.e. specimens per food supply) in the heavily 
and/or moderately polluted areas seems to be the 
type of situation (Kozlov 1990b) explained by 
changes in host-plant quality (Koricheva & Haukioja 
1992). Our data showed that population densities 
(i. e. Specimens per area) of some noctuids also 
peaked at moderate pollution loads, although these 
peaks corresponded to lower pollution loads than 
did the peaks in the ecological densities of some 
microlepidopterans (M. Kozlov, personal observa- 
tions). We can suppose that in contrast to the min- 
ers and leafrollers (which are more or less protected 
from the acid rains), the direct negative effects of 
acidification may be more important for caterpil- 
lars feeding on the leaf surface. 


3.2. Abundance, species richness and diversity 


The total abundance of noctuid moths in sites rep- 
resenting the earliest steps in pollution-induced 
modification of the spruce forest (zone 1) was sig- 
nificantly (Kruskal-Wallis test: y?, = 18.24, P < 0.0001) 
higher than in the clean control site (zone 0). Towards 
the emission source, density decreased steeply, fall- 
ing to 10% of the background level in heavily 
polluted localities (Table 1). 

Pairwise comparison showed that differences 
in moth abundance between zones 2 and 3 were not 
significant (x7, = 2.06, P < 0.15), while both pri- 


mary forests (zone 0) and industrial barrens (zone 
4) differed significantly from the neighbouring zones 
(x7, = 9.77 and 16.1, P < 0.0018 and 0.0001, re- 
spectively). 

The lower numbers of species in both the com- 
pletely destroyed and the primary communities are 
probably related to the small sample sizes more 
than to changes in species richness: the rarefaction- 
corrected values for species richness (Table 1) did 
not correlate with mean ambient SO, concentra- 
tions (r = 0.29, n = 5, P = 0.63). Similarly, the 
Shannon diversity index based on three-year sam- 
ples of Noctuidae did not correlate with SO, con- 
centrations (r = —0.11, n = 5, P= 0.86). Thus, our 
data contradict the general consensus that polluted 
habitats display reduced diversity (Magurran 1988), 
but agree with results of surveys of Lepidoptera in 
subalpine habitats affected by the Severonikel 
smelter (Kozlov 1996). 


4. Conclusions 


Aerial emissions influence both the species compo- 
sition and abundance of Noctuidae. Six of the nine 
species represented by a statistically sufficient 
number of specimens demonstrated their maximum 
densities within the polluted area. The densities of 
four species peaked in the moderately polluted area 
(vegetation zone 2); one species had its peak in the 
slightly polluted (zone 1) and one in the heavily 
polluted (zone 3) area. Three species showed clinal 
decline towards the emission source. Total catches 
of Noctuidae peaked at the earliest stages of forest 
deterioration, which was mostly caused by the maxi- 
mum densities of Diarsia mendica. We failed to 
discover any effects of pollution on species rich- 
ness or diversity of Noctuidae. 
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